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ABSTRACT Human populations and animals are often exposed to the airborne pollutants in plumes
from incinerators. The incineration of chemical and other waste may release polychlorinated
hydrocarbons, some of which have oestrogenic properties. Increased numbers of twins had been
reported anecdotally in cattle at risk from plumes from two incinerators near the town of
Bonnybridge in central Scotland and also in cattle near a chemical factory in Eire. It was decided to
follow up these reports in central Scotland and also to test the hypothesis that the frequency ofhuman
twinning might be increased there. Data on human twin and single births in hospitals in central
Scotland were obtained for the years 1975-83. The twinning rates in areas exposed to airborne
pollution from incinerators were compared with the background rates present in neighbouring areas.
Farmers provided information on calving among the herds oftwo farms close to the incinerators. The
frequency ofhuman twinning was increased, particularly after 1979, in the areas most at risk from air
pollution from the incinerators. Among the dairy cattle, there was a dramatic increase in twinning at
about the same time.

During the late 1970s and early 1980s, public fears
were expressed that pollutants from a chemical waste
incinerator near the town of Bonnybridge in central
Scotland were affecting the health of farm livestock
and the local population. In 1985 an independent
inquiry rejected industrial contamination from the
incinerator as the cause of local patterns of disease in
both people and animals.' Disturbing findings were
noted in that report, however. Human health abnor-
malities included an apparent excess of eye defects
among babies, a rise in the incidence of leukaemia and
a statistically significant excess of death from bron-
chitis, a disease that has been linked with exposure to
polychlorinated hydrocarbons (PCHs),23 and which is
a priori probably the most useful indicator of con-
sequences to health from airborne pollution. Among
livestock at one farm in the area, the report noted, it
was "unusual for one herd to have so many cases of
each kind in so short a period and for them to be
unresponsive to the forms of therapy that are usually
appropriate."'
The inquiry's report did not provide complete

reassurance, partly because it contained design defects
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and gaps.4" The failure of farm animals to respond to
the conventional treatments also cast doubt on the
official veterinary diagnoses which the inquiry had
accepted. Local farmers have continued to experience
problems, one farmer losing over 60 animals during
the early months of 1986. Chemical assays have shown
the presence of toxic chemicals such as metals and
PCHs in the environments of local farms.' 6
The exact source and timing of the combustion and

possible release of PCH related compounds is not
clear. The two incinerators near Bonnybridge were a
municipal incinerator that had operated for many
years and a nearby chemical incinerator which began
operating in 1974. With the latter, instructions on
safety precautions relating to PCHs were issued to the
workforce in 1975, and revised in 1976 and 1977 (Re-
Chem International response to the Bonnyridge dos-
sier, 1985); an official report on the incinerator stated
that "since 1978 the rate ,t which PCBs" (polychlorin-
ated biphenyls) "have been incinerated has been
restricted."9 According to the company itself, no PCBs
were burnt between 1977 and 1979 (response, 1985),
but they were burnt regularly from 1980.' The lack of
clear information about the timing of incineration
specifically related to PCHs, however, may be of
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secondary importance, since PCHs may be released
from a wide range of industrial materials during
combustion."'
Some PCHs have oestrogenic and fertility related

properties"-'3; either endogenous or exogenous oes-
trogens may affect the frequency of twinning.'4"5 In
recent reports of the geographical association between
complex chemical pollution and livestock losses in
Eire, the frequency of twinning ofcalves was shown to
have been raised.'6 Although PCHs had been incin-
erated at Bonnybridge, and tissues from local cows
had shown traces of PCHs and related dioxins,8 the
phenomenon of twinning had not been investigated
when the epidemiological picture at Bonnybridge was
first compiled. Because an increased frequency of
twinning might provide a sensitive and early indicator
of environmental toxicity from this type of chemical,
we tested the hypothesis that an association between
twinning and chemical pollution would be found
among the cattle and the inhabitants of areas near the
incinerators near Bonnybridge.

Methods

For studying the geographical distribution oftwinning
during 1975-83 in the relevant area ofcentral Scotland
(postcode sectors FK1-16 and EH51) (fig), informa-
tion on the numbers of single and twin births was
obtained from the Information and Statistics Division
of the Common Services Agency. (This information is
thought to be about 98% complete for single births
and slightly lower for multiple births.) The births were
analysed by year of registration.

In central Scotland the maximal accumulation of air
pollution is caused by the easterly winds which are
associated with sluggish airflow and temperature
inversions. The prediction that these winds would
carry fumes from the incinerators westward to the

Central Scotland, showing locations of 14 areas based on
postcode sectors and ofsite of incineration.

postcode sectors FK4 and 6 was supported by the
comparatively high concentrations of PCHs found in
surface soils there.8 Hence these sectors constituted the
areas of primary risk. The sectors of secondary risk,
FK 5 and 2, were at risk from air pollution carried by
the more vigorous southwesterly winds which are most
prevalent in Scotland. The background values of
twinning in the neighbourhood were provided by the
rates in ten areas derived from the remaining 13
postcode sectors, sectors with fewer than 200 births
during either period (see below) being amalgamated
with adjacent sectors. The twinning rates were cal-
culated for these 14 areas for two consecutive periods
of equal duration: 1976-9 and 1980-3.
The pattern of twinning in the 14 areas between

1975 and 1983 was studied on an annual basis by two
methods. Firstly, the annual twinning rates in those
areas were calculated and ranked. Secondly, Moran's I
coefficient for detecting spatial autocorrelation'7 was
used to detect spatial clustering or regularity in the
mapped pattern. (The statistic may be tested as a
standard normal variable: Z = [I-E(I)] . / var (I). If
large negative values of Z are found the map displays
regularity; large positive values denote clustering.
Both types of value suggest non-randomness in the
pattern. Values ofZ close to zero denote random map
patterns.)

Because twinning rates increase considerably in
mothers aged over 35,"8 the ages of the mothers of
twins in the at risk sectors were compared with the ages
of mothers of twins in the study area as a whole.

Lastly, two farmers with dairy farms within the
primary at risk sectors, and whose problems had been
reported previously,' provided information on the
numbers of twin and single births born to their herds
during recent years.

Results

In the analysis of the geographical distribution (fig,
table 1) of the rates of human twinning during 1976-9
and 1980-3 the ten areas providing background values
for the neighbourhood showed rates in the range 3 to
13 per 1000. By contrast, the highest values (20 and 16
per 1000) were found in the two primary risk sectors
(FK6 and FK4 respectively) during 1980-3. Com-
paratively high values were present also in the two
sectors of secondary risk: in FK2 for both periods and
in FK5 for 1976-9 only. (For the purpose of the study
the one triplet birth in FK6 in 1980 was counted
among the twins.)
The rank order analysis of the annual values for

twinning in the individual sectors (table 2) showed the
emergence of high twinning rates in FK5, followed by
FK4 and FK6 during the late 1970s and early 1980s.
No other geographically distinct area appeared with
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Table 1 Twinning rates,per thousand total births, in 14 areas (based onpostcode sectors) ofcentral Scotland during 1976-9 and
1980-3

1976-9 1980-3

Areas No pairs twins Total births Rate/l000 No pairs twins Total births Rate/lOO0

1 9 1304 6-9 10 1394 7-1
2 (FK 2) 30 1861 16-1 25 2073 12-1
3 7 1066 6-6 10 1012 9 9
4 (FK 4) 4 548 7-3 10 625 16-0
5 (FK 5) 10 702 14-2 4 714 5-6
6 (FK 6) 9 723 12-4 16 803 19 9
7 13 1244 10-4 7 1322 5 3
8 6 886 6-8 3 901 3-3
9 3 558 5 3 5 511 9-8
10 9 1504 6-0 16 1702 94
1 1 3 388 7-7 4 387 10-3
12 3 490 6-1 3 450 6-7
13 2 404 5-0 5 400 12 5
14 5 617 8-1 4 735 5-4

Table 2 Rank order oftwinning rates in 14 areas (based on postcode sectors) in central Scotland, 1975-83

Rank 1975 1976 1977 1978 1979 1980 1981 1982 1983

1 11 11 5 5 2 6 9 4 6
2 5 2 7 12 6 4 6 13 + 2 2
3 4+2 1 9 6 5 1 11 11+10 3

Where rates are equal the two values are denoted together with +.

Table 3 Moran's Istatistic andZscore: a testfor detectingspatial clustering oftwinning in 14 areas (based on postcode sectors)
ofcentral Scotland between 1975 and 1983

1975 1976 1977 1978 1979 1980 1981 1982 1983

I statistic -0-372 -0-311 -0-059 -0-154 0-196 0 353 -0 073 -0 103 -0 079
Z score - 1-85 -1*46 0-107 -0-481 1-709 2-689* 0 024 -0 164 -0 013

*p < 0-01 (2 tail test).

Table 4 Twin births for calves born on farm 1 in the primary at risk area near Bonnyridge from 1972 to 1985, expressed as
numbers and as percentages ofall calvings

1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985

No 0 0 0 0 1 0 2 3 12 18 26 31 14 3
% 2 2 8 12 17 22 17 10

such regularity in the highest ranks during the period
of observation. The analysis of spatial autocorrelation
(table 3) showed a progressive trend from a regular
pattern in 1975, through a period of relative random-
ness in 1976-9, to a clustered pattern in 1980 which
was statistically significant, finally returning to a
period of relative randomness thereafter.
For the whole study area, the mean age of the 258

mothers oftwins was 27 1 compared with the mean age
of27-2 for the 107 mothers oftwins (41 %) in the at risk
areas-that is, FK2, 4-6. Of the 18 mothers aged 35
and over in the whole study area, seven (39%) were in
the at risk areas.

On both farms, the rates of twinning of calves
increased dramatically in the late 1970s. In farm 1,
where details of the numbers were available, the
maximal rate was in 1983 (table 4); previously, the rate
oftwinning in this farm had been between 0% and 2%.
In farm 2 only the births of twin heifers had been
recorded: in the 34 years from 1942 to 1975 only six
sets oftwin heifers had been born from a herd of about
35 cows and heifers; in the five years from 1976 to 1980
inclusive, by contrast, five sets of twin heifers were
born to this herd whose numbers were declining
rapidly, and which consisted of only 14 animals by
1981.
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Discussion

Different breeds of cattle have different rates of
twinning, and the rate also increases with age.'9 In
general, however, the twinning rate is 0 5% for beef
cattle and 2% for dairy cattle.20 Thus the sudden
increases in rates in herds on the two farms were
exceptional.
The analysis of the human twinning rates in the

sectors, by ranking and spatial autocorrelation,
indicated the late 1970s and early 1980s as the period
when clustering became evident. These findings were
consistent with the hypothesis that PCHs or other
chemicals with biological actions similar to those of
PCHs were introduced into the local environment in
the late 1970s and were distributed by the light easterly
winds.
The pattern of human twinning in the secondary at

risk sectors (FK5 and 2) was the opposite ofthat in the
primary at risk sectors, with comparatively high values
for twinning present during 1976-9 in sectors FK5 and
2 but not in FK5 (the more closely placed of these
sectors to the incinerators) during 1980-3. Informa-
tion has become available recently that, in a third farm
in FK5 very close to the incinerators, a threefold rise in
twinning rates of cattle began in 1976. That these
abnormalities appeared in this area before PCBs
began to be burnt regularly at the chemical incinerator
(in 1980) might have several explanations. PCBs may
have been burnt on some occasions during the earlier
years. Other substances with similar biological actions
may have been released earlier-for example, PCHs
and other complex chemicals may be liberated when
plastics, waste oils, lubricant oils, or transformers are
burnt under inappropriate conditions-that is, below
1 00-1 300°C.'° The height of the plume above ground
level was reported to have been increased during the
late 1970s as a result of the raising of the fumestack
and ofthe subsequent rotting of its cowl: these changes
could have reduced the exposure to the fumes in sector
FK5 (due to the "umbrella" effect) while increasing
exposure to fumes in FK2 and in the higher ground of
FK4 and 6, including the two farms there. A further
explanation should be considered: if comparable
biologically active pollutants were being emitted from
the relatively low fumestack of the adjacent municipal
incinerator, which is not under the control of the
Industrial Pollution Inspectorate, these might have
affected FK5 during the earlier period; however, that
explanation seems less likely because of the low
frequency of twinning found there during the later
period.

Associations have been noted elsewhere between
environmental pollution on the one hand and mor-
tality and obstetric events such as low birth weights
and abnormal sex ratios on the other.21-25 But although

the present findings were consistent with the hypoth-
esis that environmental air pollution may have affec-
ted obstetric parameters of the local populations of
people and animals, it would certainly be premature to
attribute causality to this association between air
pollution from incinerators and twinning. The genetic
component of the twinning phenomena in these
populations remains to be investigated (although the
farmers have noted that the calf twinning occurred
despite the use of several bulls for artificial insemina-
tion). Secondly, although the mean age of the twins'
mothers in the at risk areas did not differ from the
mean age in the area as a whole, other social factors
affecting human twinning'4"8 could be confounding
variables and have not yet been studied. Lastly, the
possibility of statistical coincidence cannot be dis-
counted. Nevertheless, the findings do indicate the
advisability of undertaking further systematic
epidemiological and environmental investigations of
the Bonnybridge district, and of extending the studies
to areas around chemical and municipal waste incin-
erators elsewhere.

We are grateful to Dr Susan Cole and her colleagues at
the Information and Statistics Division of the Com-
mon Services Agency for providing the data for
human twin births. We also acknowledge the interest
and help of the Divisions of Obstetrics and Gyn-
aecology at the Stirling Royal Infirmary and the
Falkirk and District Royal Infirmary which will
facilitate further studies on these circumstances.
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